Introduction
For the rolling motion of ships, there are many authors who have proposed different models for damping and restoring moment in some assumptions. The response of rolling motions of a ship can be adequately described by a linear equation if the rolling angle is small. However, as the amplitude of oscillation increases, nonlinear effects come into play , Surendran, et al., 2005 , Surendran, et al., 2007 . Then vessels stability problems need to resolve the nonlinear mathematical models of rolling motion. But there are very few special cases which can obtain the exact solutions for nonlinear systems subjected to random excitations. For this reason, several approximate techniques have been developed for the probability density function of nonlinear systems. Generally, these methods can be subdivided in two groups (Brukner and Lin, 1987 , Cai and Lin, 1988 , Caughey, 1986 , Langley, 1988 , Polidori and Beck, 1996 : quasi linear methods and quite nonlinear methods. Quasi linear methods substitute the solution of a nonlinear problem by a sequence of related linear ones and one of the most common techniques in this group is the stochastic linearization method (Proppe, et al., 2003 , Socha, 2005 . Quite nonlinear methods substitute the solution of a given nonlinear problem by a nonlinear know one (Belenky, et al., 1998 (Zhu, et al., 1994) .
Recently, there are many scholars who are interesting in the nonlinear rolling oscillation because of the safety of ship received more and more recognition by the government or international maritime organizations. A great deal of methods are fully developed at the same period excited by the foundation. An approximation method for the conventional linear and linear plus quadratic rolling oscillation was presented in Ref. (Dalzell, 1978) . Concentrated on the phenomena of ship capsizing due to an initial inclination, nonlinear governing equation of roll was linearized and converted into a Mathew-type equation and the stable, critical and unstable conditions for ship stability has suggested in Ref. (Lee, 2000) . An experimental to nonlinear rolling motion of a ship model in regular wave have tested in Ref. (Contento, et al., 1996 ). An exact solution for free nonlinear uncoupled rolling or pitching motion of a submerged vehicle has proposed in Ref. (Birman, 1986) . 
Concept of partial linearization for nonlinear stochastic system
Partial linearization method is applicable for the system with stochastic differential equations. We will present a single second order equation here and consider the basic nonlinear system as the following equation (Epele, et al., 1985 , Haddara and Zhang, 1994 , Ochi, 1986 
Where f and g are known nonlinear functions, the excitation M(t) is assumed to be a Gaussian white noise with spectral density K. Then, the nonlinear damping force f can be replace by an equivalent linear one,
In order to obtain the linear damping coefficient of the substituting system(2), the key issue is to insure the equivalent damping coefficient βe has the same effect as the function f in stochastic system(6). The criterion for selecting βe is that the average energy dissipation remains the same,
Which represent the average work per unit time performed by the original nonlinear damping force and the equivalent linear damping force.
Also, the stochastic linearization uses the least mean square criterion as follows
Which also equals to equation (4) , so the formally identical criterion (4) is used in both stochastic linearization and partial linearization, the ensemble averaging in equation (4) is performed with different probability densities for these two methods. In the stochastic linearization, the probability density is assumed to be Gaussian, while in the present partial linearization method, it is generally not
Gaussian (Elishakoff and Cai, 1993 ).
In equation (1), the left side is calculated. Ensemble
Here, a remarkable conclusion is leaded: the average work done by the damping force per unit time depends only on the spectral density of the excitation, regardless of the damping mechanism, for an oscillator with only an additive white noise excitation. Which is consistent with Karnopp's conclusion by using a different proof (Karnopp, 1967) .
According to equation (3) and (7),
The exact stationary probabilistic solution of equation (2) is a classical result of the random vibration,
Where C is a constant determined from the normalization 
The probability density (9) can be considered as an approximate one for the response of the original system and can be used in equation (7)to yield Zhan-Jun Long․Seung-Keon Lee․Jae-Hun Jeong․Sung-Jong Lee -631 - 
Substituting equation (10) 
3. Certification of equivalent damping coefficient for test ship 
The equation is known as the hardening type Duffing oscillator when k3 is positive and the softening type Duffing oscillator when k3 is negative. Apply the partial linearization method, the above equation can be written as follows. 
Where
From above equation, once βe is determined, the approximate joint probability density (9) is also determined.
In Fig. 1 , the stationary mean square values of the displacement X for sytem are plotted against the stiffness nonlinearity parameter and he damping nonlinearity parameter respectively. Results computed from both the 'full' linearization and partial linearization are shown and compared with the Monte Carlo simulation results (Cai, 2004) .
The higher accuracy can be achieved with the present method as compared to the "full" linearization procedure (Elishakoff and Cai, 1993) . It is shown that the partial linearization method is a consistent approximation scheme in the sense that the obtained approximate probability density for certain statistical moments of the system response. 
These equation leads to the following two formulae:
Because the derivatives changes with time, so the equations can be written as follows, 
Substitute equation (20) in to above, we can obtain the average derivatives as follows 
Finally, we can obtain the relationship between the ω/ω0
and roll amplitude A. The work focuses on the importance of damping coefficient and variation of the wave slope on the roll response of a vessel (Lin and Yim, 1995) . The calculation results demonstrate the complexity of nonlinear resonance of rolling oscillation. The effects of damping and wave steepness are not neglect for vessel design and analysis. As not much work has been done here, it is hoped that the paper will provide a preliminary sketch and will be useful for the designers to arrive at a proper reserve margin for the stability in resonant conditions considering waves and other environmental conditions. Future work includes testing the method on multiple degree of freedom systems, extending the method to non-stationary excitation and investigating what weighting functions should be used in the norms.
